The present study investigated age-related differences in the amygdala and other nodes of face-processing networks in response to facial expression and familiarity. fMRI data were analyzed from 31 children (3.5-8.5 years) and 14 young adults (18-33 years) who viewed pictures of familiar (mothers) and unfamiliar emotional faces. Results showed that amygdala activation for faces over a scrambled image baseline increased with age. Children, but not adults, showed greater amygdala activation to happy than angry faces; in addition, amygdala activation for angry faces increased with age. In keeping with growing evidence of a positivity bias in young children, our data suggest that children find happy faces to be more salient or meaningful than angry faces. Both children and adults showed preferential activation to mothers' over strangers' faces in a region of rostral anterior cingulate cortex associated with self-evaluation, suggesting that some nodes in frontal evaluative networks are active early in development. This study presents novel data on neural correlates of face processing in childhood and indicates that preferential amygdala activation for emotional expressions changes with age.
INTRODUCTION
Navigating the social world requires the ability to discriminate and respond appropriately to salient faces. In recent years, the adult brain networks involved in processing such motivationally meaningful aspects of faces as expression and identity have been extensively mapped (Palermo and Rhodes, 2007; Vuilleumier and Pourtois, 2007) . In particular, convergent evidence suggests that in the adult brain the amygdala functions as a 'motivational relevance detector' (Adolphs et al., 2005; Cunningham et al., 2008; Todd and Anderson, 2009 ) and that amygdala activation can serve as a marker of the relative salience of a stimulus. Yet little is known about the development of the amygdala's role in processing salient stimuli in young children. The goal of the present study was to compare patterns of amygdala activation to emotional expressions in kindergarten and early school-aged children with those found in young adults.
In adults, diverse evidence indicates that the amygdala functions as a hub of brain networks mediating social-emotional processing (Adolphs, 2008; Pessoa, 2008; Kennedy et al., 2009; Todd and Anderson, 2009) , including processing of facial emotion (Sergerie et al., 2008) . Imaging and lesion data indicate that the amygdala responds to both positive and negative arousing stimuli (Anderson and Sobel, 2003; Phan et al., 2003; Paton et al., 2006; Sergerie et al., 2008) , as well as ambiguous events (Whalen, 2007) . There is evidence that the amygdala facilitates rapid perception of emotionally important stimuli (Anderson and Phelps, 2001; and also influences more extended processing of their motivational relevance (Tsuchiya, et al., 2009) . Thus, convergent data point to the amygdala as a key region for processing the motivational relevance of events and thereby influencing implicit and explicit processes at a range of time scales (Adolphs, 2008; Cunningham et al., 2008; Todd and Anderson, 2009) . Moreover, if the amygdala functions as a 'motivational relevance detector', then patterns of amygdala activation can be seen to mark the relative salience of stimuli.
For humans, motivationally relevant stimuli include social stimuli, and the amygdala plays an important role in social learning (Davis et al., 2009) . Recent data indicate that amygdala responses to specific classes of stimuli are modulated with a change in social and motivational context Van Bavel et al., 2008) . For example, in a study where participants were asked to evaluate famous people, Cunningham and colleagues (2008) found that the amygdala responded preferentially to names of celebrities participants felt positive about when they were asked to evaluate positivity, and to names of celebrities they felt negative about when asked to rate negativity. Thus, the amygdala's response pattern shifted as the motivational relevance of stimuli changed according to momentary task demands.
Increasing evidence indicates that, at a longer time-scale, preferential activation to emotional stimuli also changes over the lifespan. For example, older adults show greater relative amygdala activation to positive vs negative stimuli (Mather et al., 2004) , a finding in keeping with behavioral data that show a general bias toward positive emotion in older adults (Charles et al., 2003; Mather and Carstensen, 2003) . The same study showed that young adults showed equal levels of amygdala activation to positive and negative stimuli (Mather et al., 2004) , a finding consistent with a number of studies in young adults showing no amygdala discrimination between angry and happy faces [for review, see Sergerie et al. (2008) ]. Developmental shifts in amygdala activation pattern have also been observed between adolescence and young adulthood. In adolescence, although the amygdala shows adult-like activation to facial emotion in general, its responsiveness to specific emotions differs from that in adults (Thomas et al., 2001b; Yurgelun-Todd and Killgore, 2006; Killgore and Yurgelun-Todd, 2007) .
Although little functional imaging data exist on patterns of amygdala activation in young children, young children and adults do show differences in behavioral responses to emotional valence. Recent developmental studies indicate that, relative to young adults, young children show a positivity bias similar to that of older adults (Qu and Zelazo, 2007; Boseovski and Lee, 2008; van Duijvenvoorde et al., 2008) . For example, Boseovski and Lee (2008) found that 3-6-year-olds showed a positivity bias in personality judgments and van Duijvenvoorde and colleagues (2008) found that, compared to young adults, 8-9 year olds' learning was enhanced following positive rather than negative feedback. Patterns of amygdala activation might also be expected to develop in tandem with the capacity to recognize facial emotion. Convergent behavioral evidence indicates that, whereas infants can discriminate happy from frowning expressions at 3 months, especially on their mothers' faces (Barrera and Maurer, 1981) , the capacity to correctly categorize angry faces may not reach adult levels until age 9 or 10 years, especially at lower levels of intensity (Durand et al., 2007; Gao and Maurer, 2009; Vida and Mondloch, 2009) . In contrast, children can discriminate happy faces almost as well as adults by 3-5 years (Camras and Allison, 1985; Boyatzis et al., 1993; Durand et al., 2007) . Thus, positive expressions may be more salient and more recognizable than angry expressions to young children.
A primary goal of the present study was to extend research on amygdala sensitivity to facial emotion to early childhood by investigating amygdala responses to emotional expression during the kindergarten/early-school years. We expected that, as with older adults, preferential behavioral responses to positive stimuli should be reflected in preferential amygdala activation for happy vs angry faces in young children.
A secondary goal of the study was to compare broader activation patterns for children and adults in response to personally familiar and unfamiliar emotional faces. Haxby and colleagues have proposed a set of 'core' and 'extended' networks involved in face perception and recognition in adults (Haxby et al., 2000; Gobbini and Haxby, 2007) . Core networks include face-sensitive regions of fusiform gyrus and superior temporal sulcus (STS) involved in visual perception. Extended networks include ventromedial prefrontal cortex (VM-PFC), ventrolateral prefrontal cortex (VL-PFC), insula and the cingulate cortex. These frontal and limbic regions are also thought to mediate evaluative and regulatory processes, including emotional feeling, evaluation of social feedback, self-regulation and empathy (Blair et al., 1999; Allman et al., 2001; Mather et al., 2004; Ochsner et al., 2004; Gobbini and Haxby, 2007; Rolls, 2007) .
Building on evidence that face processing continues to develop well into adolescence Taylor et al., 2004; Batty and Taylor, 2006) , recent fMRI studies suggest that specialized processing of faces in core visual cortex regions is similarly slow to develop (Aylward et al., 2005; Golarai et al., 2007; Scherf et al., 2007) . Much less is known about the early development of functional brain activation in extended networks for processing salient aspects of facial familiarity and emotion. Nonetheless, structural imaging and event-related potential (ERP) research allows us to make some predictions about the development of extended face processing networks. Studies examining the structural development of the brain have shown that maturation of specific frontal regions occurs along different timelines (Giedd et al., 1999; Gogtay et al., 2004) ; ventral and midline prefrontal regions mature earlier than dorsal and lateral regions, which continue to mature into late adolescence (Gogtay et al., 2004) . Thus, ventromedial regions associated with evaluative processing should be expected to show relatively mature patterns of functional activation in young children. Studies using ERPs and other imaging methods suggest that ventral and midline frontal regions are implicated in evaluation of personally familiar faces from early in development. Children show frontal activation when discriminating mothers' from unfamiliar faces in infancy as well as in the pre-school years (Carver et al., 2003; Strathearn et al., 2008; Todd et al., 2008) . Thus, above and beyond our focus on amygdala activation, we wished to use fMRI to compare specific regions implicated in the extended processing of facial familiarity and emotion in young children and adults. Despite the overall protracted development of frontal brain regions, we expected that ventral prefrontal regions of the prefrontal cortex associated with emotional evaluation and self relevance would be sensitive to personally familiar faces in young children.
To investigate age-related amygdala responses to facial emotion with stimuli that would be salient to young children, we designed an fMRI task using photographs of participants' mothers and strangers with emotional expressions. Data were analyzed from 31 young children (aged 3.8-8.9 years) and 14 young adults (18-33 years) who viewed blocks Age-related fMRI responses to salient faces SCAN (2011) of photographs of their mother and an unknown woman with angry and smiling expressions. To investigate age-related differences in amygdala activation, we employed region of interest (ROI) analyses focused on the amygdala. We hypothesized that children would show preferential activation for happy vs angry faces whereas young adults would either show equal activation to positive and negative expressions [for review, see Sergerie et al. (2008) ] or show preferential responses to angry faces (Zald, 2003) . The experimental design also allowed us to examine age-related responses in extended face processing networks to personal familiarity and expression, both between children and adults, and within the group of children. Voxelwise whole-brain analyses were employed to probe processing of salient aspects of faces in a wider network of regions. Specifically, we predicted that ventral or midline regions would be sensitive to personal familiarity in young children as well as in adults.
MATERIALS AND METHODS Subjects
Forty-three children aged 3.8-8.9 years (27 females, mean age 6.0 years), and 14 young adults, aged 18-33 years (7 females, mean age 26.1 years), participated in the study after being screened for uncorrected visual impairments and psychiatric disorders. Participants were recruited through flyers, advertisement and word of mouth, and were from a variety of cultural and socio-economic backgrounds. Each family received $40 for participation and each child received a toy. Informed written consent was obtained from all adults and parents of the children, children gave verbal assent, and the study was approved by the Research Ethics Board at the Hospital for Sick Children.
Stimuli
Mothers' emotionally expressive faces were photographed against a white background while looking straight at the camera. For each participant, five happy and five angry photographs of his/her mother, as well as five happy and five angry photographs of another mother, were chosen. Contrast and luminance levels across photographs were equated.
Procedure
Mothers of participants either initially visited the laboratory to be photographed or emailed digital photos of themselves based on written instructions. The goal was to obtain faces expressing anger or disapproval that were typical of children's daily experience. Mothers were instructed to make faces that included the face that, 'when they see it, the children know they're in trouble or had better stop what they are doing'. Mothers of adults were asked to make the face they had made when their children were young, and the instructions were phrased in the past tense. Instructions included a request to make both angry and happy faces with mouth open and mouth closed, to control for confounds between expression and amount of tooth showing. Photographs were rated by three adult raters for emotion type and intensity level. Raters were asked to indicate whether each photo was angry/displeased, happy or other, and if angry or happy to rate its intensity on a scale of 1-5. Mean intensity ratings for each photograph rated as angry or happy by all three raters were calculated. Five photos with mean ratings for most intensely angry or displeased expressions, including photos with mouth open and mouth closed, were chosen first and then happy faces were chosen that matched the angry faces in intensity. Photos that were not identified by all raters as angry/displeased or happy were rejected. Finally, photos of another mother were chosen that were matched for age, appearance and affective intensity. The same five happy and five angry photos that were used as mother's faces for one participant were used as stranger's faces for another participant. Finally, scrambled images were created from the face images by randomizing their phase information in the Fourier domain.
Children were familiarized with pictures of the scanner and scanner sounds. Using a 'practice scanner' made up of a child's play tube, they were then coached to remain still while lying on their backs and pressing a button. In the scanner a response box was placed at each participant's dominant hand. Foam padding was used to constrain the participants' heads. Participants watched cartoons through the MRI compatible goggles while structural images were obtained. The task was presented after acquisition of structural images (6 min), in a 7-min block design task.
Trial structure Stimuli were presented through LCD goggles (Resonance Technology, Northridge, CA) using Presentation software (Neurobehavioral Systems, Albany, CA). The task consisted of 12 16-s blocks of emotional faces alternating with 12 16-s blocks of phase-scrambled images. As the youngest children were able to remain still in the scanner only for short time periods, we used a block design for maximum power to detect BOLD effects. There were three blocks each of four face types: happy mother, angry mother, happy stranger and angry stranger. Each block of faces consisted of 16 images of photos of one of the face types listed above, presented in pseudorandom order for 1 s each, drawing from a set of five different photographs of each of the stimulus types (e.g., happy mother) (Figure 1 ). Blocks of angry and happy faces were alternated. Free viewing tasks have been consistently successful in tapping amygdala response to facial emotion (Adolphs et al., 2005) and have been effective in developmental studies of amygdala activation (Killgore and Yurgelun-Todd, 2001 ). Here, in order to create as close to a free-viewing task as possible while maintaining young children's attention to the task, familiar cartoon characters were occasionally randomly presented for 500 ms among the faces and textures. Participants were told to press the button when the cartoon character appeared. Key press responses were recorded with a handheld fiber optic keypad (Lumitouch, Burnaby, Canada).
fMRI data acquisition and analysis Participants were scanned with a standard quadrature head coil on a 1.5 Tesla GE Excite HD scanner (GE Medical Systems, Milwaukee, WI). High-resolution anatomical images were obtained using an axial FSPGR sequence, with 106 slices, TR ¼ 8 ms; TE ¼ 23 ms; flip angle ¼ 308; field of view ¼ 240 mm and voxel size ¼ 1 Â 1 Â 1.5 mm. Functional images were acquired using a spiral in/out sequence, 24 slices, 206 TRs, TE ¼ 40 ms; TR ¼ 2 s; flip angle ¼ 908; field of view ¼ 240 mm, and voxel size ¼ 3.75 Â 3.75 Â 5 mm.
Data were analyzed using AFNI software (Cox, 1996) . The first and last five volumes of the single run were discarded. The remaining volumes were spatially registered to the first volume. At this point data from nine children with movement parameters larger than 2 mm or whose log files revealed that they had misunderstood the task (children who pressed the button on every image or on scrambled images rather than just on cartoons) were removed from further analysis. Data for the remaining participants were treated for outliers, and each volume was spatially smoothed with an 8-mm Gaussian filter (full-width, half-maximum). Individual participants' data were analyzed using the General Linear Model (GLM) in AFNI. GLM analysis proceeded in two stages: We first defined individual activation for faces in relation to baseline, then examined activation associated with facial expression and familiarity.
To examine the BOLD response to faces vs scrambled images, a single regressor was created for all of the face blocks together, which served as the regressor of interest (for results see supplementary tables 4 and 5). At this point data from three more children were removed from further analysis due to visible artifacts not removed by the motion correction algorithm. Thus, the final analyses were on 31 children (21 females) and 14 adults (7 females).
To examine responses related to mothers' and strangers' happy and angry faces, multiple regressions were performed for each individual. Regressors were created for each face typehappy mother, happy stranger, angry mother and angry stranger. These served as regressors of interest in a model that used the scrambled image blocks as the baseline.
For group analyses, parameter estimates (beta weights) from the GLM and anatomical maps for each individual were transformed into a common template. For purposes of comparison both adult and child data were transformed into the standard coordinate space of Talairach and Tournoux (Talairach and Tournoux, 1988) . However, there is evidence that children's brain maps may be subject to distortion when normalized to an adult template (Gaillard et al., 2001; Wilke et al., 2002) , especially for children under 5 years. Thus, for purposes of comparison, the children's data were also normalized using a version of the Cincinnati Pediatric Atlas based on an average of 49 children aged 5-9 years (Wilke et al., 2003) . All reported results were consistent across both atlases.
For the amygdala, bilateral ROIs were defined anatomically from each individual's non-normalized anatomical map, and time series were averaged separately in right and left amygdala for all voxels activated over baseline. Because the amygdala is susceptible to signal dropout, which can bias results toward false negatives (Zald, 2003) , we used a lenient threshold (P < 0.1) for extracting active amygdala voxels. We employed a multiple regression that included variables for happy mother, happy stranger, angry mother and angry stranger conditions and extracted beta coefficients Age-related fMRI responses to salient faces SCAN (2011)for each individual. These were analyzed at the group level in SPSS.
Motion data
In order to control for age-related differences in motion within the scanner, motion parameters were analyzed within the group of children and between children and adults (see supplementary Analyses 1 in Supplementary Data). These analyses were used to create motion-equated groupings between children and adults. Motion parameters were included as covariates in comparisons of groups that significantly differed in motion.
RESULTS

ROI analyses
For a region of interest (ROI) analysis of the amygdala, mean activations were extracted and repeated measures ANCOVAs were performed in SPSS on right and left amygdala ROIs. Children experience numerous developmental and experiential changes between the preschool/kindergarten and early grade school years (Eccles, Midgely and Adler, 1984) . To create two categorical age groups and probe patterns of amygdala activation between pre-school-aged and school-aged children, we used a median split to divide the children into older (early grade school, 6.5-8.9 years, mean ¼ 6.9 years) and younger (junior and senior kindergarten, 3.8-6.2 years, mean ¼ 4.8 years) age groups. Expression (angry vs happy), familiarity (mother vs stranger) and laterality (right vs left) were within-subject factors, and age group (adults, n ¼ 14; younger children, n ¼ 14, 8 female; older children, n ¼ 17, 12 female) was a between-subject factor. As females have been reported to show greater sensitivity to facial expression than males from infancy through adulthood (McClure, 2000) , we also included sex (2) as a between-subject factor in an initial analysis. However, sex was non-significant and did not interact with any factors of interest; it was excluded from further analysis. Order of stimulus presentation (mother first vs stranger first) and maximum positive and negative motion were included as covariates. All contrasts were Bonferroni corrected. For the sake of brevity only significant or marginal results are reported here, but see Supplementary Table S3 for full results.
Results of the ANCOVA showed two significant/ marginally significant results: there was a trend toward a main effect of age group, and an interaction between age group and expression.
The main effect of age group reflected greater overall amygdala activation relative to baseline for adults than children at the level of a trend, F(2, 34) ¼ 2.92, P ¼ 0.07, partial g 2 ¼ 0.15. Corrected pair-wise comparisons revealed that adults showed greater activation than younger children at the level of a trend, P ¼ 0.07, but the differences between adults and older children was not significant, P > 0.1, suggesting a linear increase in amygdala activation over baseline with age.
To further probe the effect of age group seen in the ANCOVA we regressed amygdala activation on age in the combined group of 14 adults and 31 children, including motion as a covariate. Results revealed that activation for faces relative to scrambled images increased linearly with age, R 2 Á ¼ 0.1, P < 0.05. Within the group of children alone there was also a moderate effect of age, showing greater activation relative to baseline with age, R 2 Á ¼ 0.11, P < 0.05. The 3 Â 2 Â 2 Â 2 ANCOVA also revealed an age group Â expression interaction F (2, 34) ¼ 4.48, P < 0.05, partial g 2 ¼ 0.20. Planned contrasts showed greater activation for happy than angry faces for both the older children, P < 0.005 and the younger children, P < 0.05 (Figure 2) . Adults showed the opposite pattern of greater activation for angry than happy faces, but the contrast was not significant, P ¼ 0.22. Contrasts also revealed a linear increase in amygdala response to angry faces, with greatest activation for adults and least activation for the younger children, P < 0.01 ( Figure 2) .
As a confirmatory measure we performed a follow-up ANCOVA comparing only those adults (N ¼ 10, 4 female) and children (N ¼ 18, 12 female, aged 4.3-8.3 years, mean age ¼ 6.6 years) whose overall amygdala activation was greater for faces than the scrambled image baseline. Again the same pattern of effects emerged. The marginal main effect of age group, F(1, 20) ¼ 4.03, P ¼ 0.06, partial g 2 ¼ 0.17, showing greater amygdala activation over baseline with age, was qualified by an age group Â emotion interaction, F(1, 20) ¼ 4.76, P < 0.05, partial g 2 ¼ 0.19. Children showed greater activation to happy than angry faces, P ¼ 0.005, whereas adults did not.
Thus, convergent analyses revealed that children, but not adults, showed greater amygdala activation to happy than angry faces. In addition, amygdala activation over baseline, in particular in response to angry faces, increased linearly with age.
Voxelwise analyses
To further investigate extended network responses to facial expression and familiarity, we used four-way mixed model ANOVAs using AFNI's GroupAna program implemented in MATLAB (Mathworks Inc., Natick, MA, USA), with age group as a between-subject factor, expression (angry vs happy) and familiarity (mother vs stranger) as fixed factors, and subject as a random factor. We performed two separate analyses so that comparison groups would be equated for motion. In Analysis 1, which compared adults and children, age groups were composed of 14 adults and 14 children whose motion parameters did not differ significantly from those of adults (4.3-8.9 years, mean age ¼ 6.3 years, 12 female). In Analysis 2, which investigated age-related activation within the group of children, age groups were again composed of 14 younger children (3.8-6.2 years, mean age ¼ 4.8 years, 8 female) and 17 older children (6.5-8.9 years, mean age ¼ 6.9 years, 12 female).
Voxelwise analyses in adults and low-motion children revealed a main effect of age group in a number of regions, primarily right lateralized (Table 1) , including a robust activation in the right putamen. Contrasts revealed that all of these regions showed greater activation for adults than children. At a relatively lenient threshold of P < 0.005, typically face-sensitive regions of right fusiform gyrus also showed greater activation for adults.
There was a main effect of familiarity in a region of left genual anterior cingulate cortex (ACC), which was preferentially activated for mothers across all participants (Table 1 ).
An age group by expression ( Figure 2D ) interaction showed greater amygdala activation in children for happy than angry faces (Table 1) as found in the ROI analysis. The right putamen also showed an age group Â expression interaction ( Figure 3A ) with children showing greater activation for happy than angry faces. In this region, adults showed the opposite pattern of greater activation for angry than happy faces ( Figure 3B and C) . Age-related fMRI responses to salient faces SCAN (2011) In Analysis 2, investigating older vs younger children, few regions showed an effect of age group; however, at a threshold of P < 0.005, a region of left fusiform gyrus showed greater activation in younger than older children ( Table 2) . The amygdala and parahippocampal gyrus showed a main effect of expression, and contrasts revealed greater activation for happy than angry faces (Table 2) , again confirming results found in the ROI analysis. Notably, a main effect of familiarity was found for the same region of genual ACC found in the adult/child analysis, and contrasts showed this region to be more responsive to mothers than strangers (Table 2) .
Thus, the same region of ACC responded preferentially to mothers' faces across all participants both in the analysis of adults and motion-matched children and in the analysis of younger and older children. To confirm that this effect could be consistently observed in the youngest and the oldest age groups, we performed follow-up analyses in the 14 youngest children and the 14 adults separately. Results again showed greater activation for mothers than strangers in this region both for the younger children (P < 0.005, peak activation x ¼ -1, y ¼ 29, z ¼ 8), and for the adults (P < 0.005, x ¼ -7, y ¼ 38, z ¼ 8), suggesting that the effect was found independently in the youngest children as well as in the adults.
DISCUSSION Age related patterns of amygdala activation
The primary goal of the present study was to compare amygdala activation to personally salient emotional stimuli in young children vs adults. Our results show that even in the youngest children the amygdala responds differentially to happy and angry facial expressions. To our knowledge, the present study is the first to report amygdala sensitivity to facial emotion in a population of children this young. Notably, in the comparison of children and adults, preferential amygdala response to valence depended on age group, with children and adults showing different response patterns to specific emotions: Children showed greater amygdala activation for happy than angry faces, whereas amygdala activation in young adults did not discriminate significantly between the two expressions. In addition, amygdala activation for faces over baseline, and in particular for angry faces, increased linearly with age.
By indicating that the amygdala is sensitive to positive emotion in kindergarten-aged children, these data add to a growing body of literature demonstrating the sensitivity of the amygdala and extended amygdalar complex to positive emotion (Liberzon et al., 2003; Paton et al., 2006; Sergerie et al., 2008) . Recent studies have also found that preferential Unless otherwise noted, clusters are significant at P < 0.001, uncorrected for multiple comparisons. Effect of Group:
All tables use the LPI coordinate system, with positive numbers indicating right, anterior and superior in relation to the midpoint (0), and negative numbers indicating left, posterior and inferior. Significant at **P < 0.0001 and *P < 0.005.
amygdala activation can be modulated by contextual factors, such as top-down attentional processes (Pessoa et al., 2002; Ochsner et al., 2004; Bishop et al., 2007) and personal goals . Our data add to a growing body of research suggesting that patterns of preferential amygdala activation may also shift with development.
The age-related differences we found in amygdala activation to positive vs negative valence suggest a similar pattern to that revealed by studies comparing aging populations with young adults. These studies have shown that whereas young adults show greater attentional capture by negative events, and equal amygdala response to positive and negative stimuli Age-related fMRI responses to salient faces SCAN (2011) (Mather et al., 2004; Sergerie et al., 2008) , older adults show equal capture by positive and negative arousing images, and show relatively greater amygdala activation for positive images (Mather et al., 2004; Rosler et al., 2005) . Developmental research has also shown that amygdala responses to facial expression change between adolescence and adulthood. Previous studies have shown that adolescents and adults exhibit similar levels of amygdala activation in response to facial emotion, but that adolescents respond preferentially to certain emotional expressions somewhat differently than do adults (Baird et al., 1999; Thomas et al., 2001a,b; Yurgelun-Todd and Killgore, 2006; Killgore and Yurgelun-Todd, 2007) . For example, adolescents have been found to respond more to sad faces than do adults (Killgore and Yurgelun-Todd, 2007) , and pre-adolescent children have been found to show preferential activation for neutral over fearful faces, unlike adults who showed the opposite pattern of response (Thomas et al., 2001b) . Thus a growing body of evidence suggests that amygdala responses to specific emotional expressions differ across developmental periods. Adding to this developmental picture, our results demonstrate how the amygdala responds preferentially to specific emotional expressions in young children compared to young adults. Thus the present study extends research on development of amygdala sensitivity to facial emotion to younger children, and suggests that 3-6 and 6-8-year-old children show distinct patterns of response to positive and negative facial emotion compared to young adults. This pattern of neural response may reflect behavioral evidence of a positivity bias similar to that found in older adults, as recent studies suggest (Boseovski and Lee, 2008; van Duijvenvoorde et al., 2008) . It may also reflect an immature capacity to evaluate angry facial expressions: 4-8-year-old children are better at recognizing and categorizing happy than angry faces, especially at low levels of emotional intensity (Durand et al., 2007; Gao and Maurer, 2009; Vida and Mondloch, 2009) . In our study, we asked mothers to pose lower-intensity expressions that were reprimanding rather than extremely angry, in order to avoid responses based on novelty or bizarreness. As recent research has implicated the amygdala in explicit evaluation of facial expressions (Tsuchiya et al., 2009) , as well as implicit responses to salient stimuli, it is possible that reduced amygdala activation to angry vs happy faces in young children may partly reflect their better ability to evaluate and categorize lower-intensity happy faces.
Alternatively our results may reflect developmental processes unique to childhood. As preferential amygdala activation for faces over baseline increased with age, and more markedly for angry than happy faces, it is possible that our results reflect an earlier development of preferential responses to happy faces that may be linked to the earlier-developing capacity to categorize positive expressions. Thus happy faces may be more meaningful to young children because they are more recognizable. It is also possible that the non-significant preferential response to angry faces we observed reflects the low intensity of the angry expressions we used. Finally, we cannot rule out the explanation that, as the mothers of adults were older than the mothers of young children, the effects of age for faces over baseline may be influenced by the difference in age of the faces posing the expressions, although we believe that the age of the participants themselves, not the mothers, is the more critical factor.
Overall our results suggest that the amygdala responds differentially to positive and negative facial emotions in the kindergarten/early school years. At the same time, the data indicate that, with age, the amygdala responds increasingly to faces over scrambled imagesa finding in keeping with evidence of the protracted structural development of the amygdala (Giedd, 2008) . Thus, although young children discriminate facial emotion, their overall pattern of activation in response to emotional faces is still developing.
Whole-brain analysis of extended face processing The two main voxelwise analyses explored age-related activation in response to facial familiarity and emotion by comparing adults and motion-matched children, and by comparing older and younger children. In the adult/child comparison, an interaction between group and emotional valence was found, with greater extended amygdala activation in children for happy than angry faces. This finding confirmed the results of the ROI analyses. This analysis also revealed a region of right putamen that showed greater activation for happy than angry faces in children and greater activation for angry than happy faces in adults ( Figure 3A-C) . The putamen plays a role in dopaminergic systems mediating reward prediction and saliency processing (Downar et al., 2003; McClure et al., 2003; Pessiglione et al., 2006; Seeley et al., 2007) , has been linked to evaluation of salient aspects of faces, including trustworthiness (Todorov et al., 2008) and maternal attachment (Strathearn et al., 2008) , and may be co-activated with the amygdala within extended saliency networks (Popescu et al., 2009; Seeley et al., 2007) . Here the putamen shows a similar pattern of age-related differences to the amygdala, consistent with a picture of either differential evaluation of reward or changing salience for negative and positive expressions over development. In the older/younger children comparison, as in the ROI analysis, greater activation was found in the amygdala/parahippocampal gyrus for happy over angry faces for all children.
In addition, both comparisons revealed a region of left rostral ACC (Figure 3 ) that showed a remarkably consistent response across age, from 3 to 33 years of age. This region at the genu of the ACC (Figure 3 ) has been reliably implicated in viewing and evaluating both oneself and similar others, including mothers (Craik et al., 1999; Ramasubbu et al., 2007; Zhu et al., 2007; Mitchell et al., 2008; Taylor et al., 2008; Vanderwal et al., 2008) . To our knowledge, the present study is the first to report a similar pattern of activation in young children. In adults, convergent findings indicate a graded pattern of response, in which genual ACC is activated more for self than for mothers, and more for mothers than for familiar others (Mitchell et al., 2006; Ramasubbu et al., 2007; Zhu et al., 2007; Vanderwal et al., 2008) . Such results are often interpreted in terms of overlapping self/other representations or person-knowledge networks [(but see Legrand and Ruby (2009)] .
Developmental ERP research suggests that while frontal neural activity may shift in response to mothers' vs unfamiliar faces between late infancy and early childhood (Carver et al., 2003) , electrophysiological activity over frontal regions discriminates between mothers' and stranger's faces from early in development (Carver et al., 2003; Todd et al., 2008) . Building on these data, we conclude that activity in prefrontal regions subserving self/other evaluation can be consistently observed by ages 3-8 yearsat least when stimuli are sufficiently meaningful. This conclusion is consistent both with recent evidence suggesting that ventral prefrontal regions associated with seeing important others are active from infancy (Strathearn et al., 2008) , and with models predicting prefrontal activation in response to salient stimuli early in development (Johnson, Grossmann and Cohen Kadosh, 2009 ).
Finally, although our focus was not on core face processing regions, in the voxelwise comparison of adults with children, we found more activation for adults than children in canonical face-sensitive regions in the right fusiform gyrus at a more lenient threshold. This finding is consistent with existing research suggesting protracted development of specialization within these regions (Aylward et al., 2005; Golarai et al., 2007; Scherf et al., 2007) . Furthermore, younger children showed greater left fusiform activation than did older children, a finding consistent with ERP evidence suggesting increasing right lateralization of face processing with age (Taylor et al., 1999) . Apart from this finding, age-related differences in responses to faces over baseline were found between the ages of 8 years and adulthood, and not within the range of 3-8 years. This overall pattern is consistent with studies that indicate that major developmental changes in the neural substrates of face recognition and evaluation take place between mid-childhood and mid-adolescence (Batty and Taylor, 2006; Kolb, Wilson and Taylor, 1992) .
It should be noted that our design included repeated presentations of an individual posing a single emotion within a block, although in each block we included five examplars of each individual. It is possible that the amgydala and anterior cingulate results reported here may at least partly reflect differential habituation to repetition of different expressions as a function of age (amygdala) or related to familiarity across all age groups (anterior cingulate). Currently, the question of how emotional expression and repetition interact in the amygdala is unresolved. While some groups have found that, in adults, the amygdala is differentially sensitive to repetition of fearful vs neutral faces (Ishai et al., 2004) , other groups have found that amygdala habituation does not differ between fearful and neutral expressions (Fischer et al., 2003) . Repetition effects related to personal familiarity [using different exemplars of the same face) have been found in medial frontal regions (Pourtois et al., 2005) ], although not the anterior cingulate region we report. Our block design did not allow us to directly measure effects of repetition suppression in order to probe mechanisms behind the patterns of differential activation that we found. Since the present study indicates that age-related differences in response to valence can be observed in the amygdala and putamen, and differential activation can be observed across age groups in the anterior cingulate, an important area for future research will be to investigate mechanisms underlying such differences. Such studies will add considerably to our understanding of how neural processing of salient faces changes over development.
CONCLUSIONS
This study presents novel data on neural responses to facial expression and familiarity in early childhood, in particular data on age-related differences in amygdala activation to facial emotion. Our data show that, whereas amygdala activation to emotional faces develops gradually over childhood, ACC sensitivity to mothers' faces emerges early and remains stable. Furthermore, taken with research on aging and adolescence, our data contribute to an emerging developmental picture in which preferential amygdala processing of specific emotions changes over the lifespan.
SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
